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[57] ABSTRACT 

Methods and apparatuses for efficiently allocating 
bandwidth to data, control and multiplexer overhead 
and for providing flexible data rates and control rates 
are provided The apparatuses of the invention are used 
in a time division miltiplexer which multiplexes for 
transmission over and for receipt from at least one ag- 
gregate line in accord with at least one frame, data and 
control information from a plurality of channels and 
multiplexer overhead information. The method com- 
prises: determining the requested data transmission rates 
for each data channel and the aggregate line; determin- 
mg the requested control transmission rates for each 
data channel; summing the total of the requested data 
transmission rates to produce a second total, summing 
the first and second totals, determining whether the sum 
of the first and second total exceeds the determined 
transmission rate of the aggregate line, decreasing the 
data rate channel thereby changing the first total to 
ensure that the aggregate line rate is at least equal to the 
sum of the first and second total. 

28 Claims, 7 Drawing Figures 
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memory of considerable size is required to store the 
VARUBLE C ONTR OL AND DATA RATES IN frame. 

mCHLY EFFICIENT MULTIPLEXER To simplify the frame configuration, it is has been 

shown that the data channels may be sampled in a fixed 
BACKGROUND 5 pattern which is repeated numerous times within each 

This appUcadon is related to concurrently filed appli- J'™^* f ,f ^ JP^^, xx^'^/ L'n ^' 

cation Ser. No. 876,229 entiUed «-Bit Interleaved MiSti- f'T^t'^f' f 1? h'^^ ^'I* ^1' ^'^^'^^^ 

plexer System Providuig Byte Synchronization for tr^T^J'!^' ^o the assignee 

Communicating Apparatuses" which is hereby incor- T'"^"^ 

i ju r I. J 1 . , * 10 repeatmg portions With the subframe beme considered 
porated by reference herem and which ,s assigned to the /^^e reputing portion. In U.S. Pat. No. 4,460,993, a 
assignee ncrem. , . . . . framing algorithm is disclosed which assigns data, con- 
f ^ T ? t"°«-^™-°^"^^- trol, and overhead "selects" (signals used by a multi. 
plexed (TDM) bit mterleaved telecommumcanon sys- pjexer to select channels) into repeating and non-repeat- 
tems. More parucularly the mvention relates to appara- ,5 ing sections. Thus, the channel data rates are soned and 
tuses and methods for efficiently allocatmg bandwidth ordered by their rates. The greatest common denoraina- 
to data, control, synchronization and intennultiplexer tor of the data rates is found and called the *'frame rate", 
commumcation information, and for providing flexible and the data rate divided by the frame rate determines 
data rates and control rates with high utilization effi- the number of selects required for each data channel per 
c^^^cy. 20 frame. The aggregate rate divided by the frame rate 
In a typical TDM system, a transmit frame of a multi- gives the number of selects required for one frame. A 
plexer samples signals of relatively low frequency from subframe rate is defined by dividing the number of se- 
various data sources or channels and interleaves them lects required for one frame by five hundred and twelve 
with one another to form an aggregate data stream tliat and rounding up. In assigning locations in the repeating 
is transmitted by a high speed aggregate channel to the 25 and nonrepeating sections of the frame according to 
receive frame of a remote demultiplexer. Ordinarily, the U.S. Pat. No. 4,460,993, the selects required per frame 
TDM transmit frame inserts the signals representative for each data channel are divided by the subframe rate, 
of a single bit or a single character in a single time slot The integer value obtained determines the number of 
in the aggregate data stream and interleaves the signals slots of the subframe (repeating section) that are to be 
from different channels on a bit-by-bit or character-by- 30 taken by the channel. The remainder of the selects re- 
character basis so that adjacent time slots contain sig- quired for the data channel determines the number of 
nals from different channels. At the receive frame, the slots in the nonrepeating frame portion to be allocated 
individual bits or characters are separated from one *° channel. System and channel control information 
another and allocated to various low frequency data ^ ^^^^ inserted into remaining slots in the nonrepeating 
channels similar to those on the transmit end. portion of the frame. 

To permit proper TDM commumcation, prior art framing algorithm of U.S. Pat. No. 
systems have the transmit frame interieave the signals 4,460,993 provided a great improvement in the art m 
from the various data channels in accordance with a enhancmg efficiency, it stUl suffers from a certain lack 
fixed schedule (frame) which repeats endlessly and the of ^e^bility. Thus, if it is desired that more than a mini- 
receive frame uses the same schedule to decode the data ^ mformation is to be transmitted over 
stream. In addition to the data signals from the chan- ^? aggregate, but the sum of the data rates plus the 
nels, the frame ordinarily interl^ves control signals controls and overhead rac^ approaches the 
from the chamiels as well as frame synchronization ^^^teg^'^ rate, a data channel must be dropped to ac- 
signals and system control signals. Typkally, the syn- f'^^<^^'f ^^^^ty^if ■ This is in contrast to previous 

™*» Zt -^1 r I. 45 frammg schemes which assigned fixed amounts of con- 

cnromzation and system control signals are referred to i. 1 j v j ■ ^ .1. r i_ .t_ jo 

j»* ««j J *^ * 1 11 ^ trol and overhead mto the frame whether needed or 

as overhead" and arranged to take up a small portion . ^i. u 1- -^^ *u *u 1. * r j * 

of the total frame. ^ not, thereby hmiting the throughput of the data. 

In arranging a frame which permits TDM communi- SUMMARY OF THE INVENTION 
%f ^^"'1™^ algorithm schemes have been 5^ ^ ^3 therefore an object of the invention to provide 
used. The algorithms are hmited by the fact that every apparatuses and methods for efilciently allocating band- 
channel has to be sampled at least once m every frame ^^th to data, control, synchronization and intermulti. 
and ^ often as required to ensure that all the data from j^xer communication information, and for providing 
the cl^nel is mterleaved m the aggregate data stream. flexible data rates and control rates with high utUization 
In addition, a set of overhead signals must be transmit- 55 efficiency. 

ted for each frame, and control signals for the channels ^ ig ^ fyrther object of the invention to provide, in a 

may also be mcluded m the TDM communication. TDM system, means for varying the data rate of a chan- 

Smce every channel has to be sampled at least once in nel to permit an increased channel control rate while 

every frame, the speed of the slowest channel m the maintaimng extremely high bandwidth utilization effi- 

frame determines the maximum number of frames that 60 ciency. 

can be transmitted per unit time without wasting the it is yet a further object of the invention to provide a 

bandwidth of the aggregate channel In addition, since user interactive TDM system which permits flexibility 

the synchronization signals transmitted in each frame in varying channel control transmission rates, 

are approximately the same regardless of the length of Yet another object of the invention is to optimize the 

the frame, there is some incentive to use very long 65 utilization of bandwidth by claiming for intermuUi- 

frames in order to decrease the overhead and increase plexer synchronization and communication overhead 

data transmission. As a result, the frames tend to be substantially all free bandwidth not assigned to data or 

quite along, inflexible, and difficult to configure, and controls. 
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At the outset, it should be appreciated that the terms 
"varying" and "flexible" when applied herein to data 
and control rates are meant to designate the ability of 
the system to permit the user to define the desired con- 
trol rates, and the ability of the system to adjust the 5 
requested data rates to accommodate the desired con- 
trols. It should be understood that the terms do not 
indicate the restructuring of a running frame which has 
been built to accommodate the requested rates. How- 
ever, any changes in the requested data or control rates 10 
can be acconunodated by building a new frame accord- 
ing to the teachings of the invention. 

In accord with the objects of the invention, an appa- 
ratus for efficiently generating select signals which 
accounts for varying data and control rates is provided !S 
in a time division multiplexer which multiplexes data 
and control signals from a plurality of individual data 
channels for transmission over an aggregate line. The 
multiplexer includes a frame means for generating select 
signals which either select data signals from channels 20 
for transmission or which select a superframe, and a 
superframe means for generating select signals for trans- 
mitting control signals from channels and overhead 
signals from the multiplexer. The apparatus broadly 
comprises: 25 

(a) means for determining the requested data trans- 
mission rates for each of the data channels and an aggre- 
gate Une; 

(b) means for determining the requested control 
transmission rates for each of said data channels; 30 
\\ (c) summation means for summing the total of said 

. .requested data transmission rates to produce a first total, 
for summing the total of said requested control trans- 
mission rates and said overhead signal rates to produce 
a second total, and for summing said first and second 35 
totals; 

(d) comparison means for determining whether the 
.sum of said first and second totals exceeds said aggre- 
gate line transmission rate; 

::(e) means for decreasing the data rate allocated to at 40 
least one data channel thereby changing said first total, 
to ensure that said aggregate line transmission rate is at 
least equal to said sum of said first and second totals; and 

(0 means for setting the average rate of one of a 
group of clocks comprising a transmit and a receive 45 
clock of at least one of said channels equal to the re- 
quested data transmission rates of those channels de- 
creased by rates dictated by said means for decreasing 
the data rates allocated to said channels. 

Preferably, the apparatus further comprises: 50 

(g) memory means; and 

(h) means for writing selects for channel data and for 
a superframe into said memory means when said aggre- 
gate line transmission rate is at least equal to said third 
total, wherein the number and order of said selects is a 55 
function said second total and of the requested data 
rates of said channels minus the data rates dictated by 
said means for decreasing the data rate allocated to said 
channels. 

Also, preferably, the transmit clock of a channel is 60 
determined and set by the receive clock. Further, the 
means for setting the average rate of the receive clocks 
of the channels to the requested channel rate minus the 
rate dictated by the means for decreasing the channel 
data rate preferably comprises: 65 

(1) an up-down counter controlled by a frame and 
said receive clock, the up-down counter counting up 
when a select for the channel is received from said 



frame, and counting down when clock pulses from said 
receive clock are received; and 

(2) means for reducing the rate of said receive clock 
when said up-down counter reaches a lower threshold. 

Further, in accord with the objects of the invention, 
a method for generating select signals is provided in a 
time division multiplexer which multiplexes data and 
control signals from a plurality of individual data chan- 
nels for transmission over an aggregate line and which 
includes a framing means for generating select signals 
for transmitting data signals from channels, and a super- 
frame means for generating select signals for transmit- 
ting control signals from channels and overhead signals 
from the multiplexer. The method broadly comprises; 

(a) determining the requested data transmission rates 
for each of said data channels and said aggregate line; 

(b) determining the requested control transmission 
rates for each of said data channels; 

(c) summing the total of said requested data transmis- 
sion rates to produce a first total; 

(d) summing the total of said requested control trans- 
mission rates and said overhead signal rates to produce 
a second total; 

(e) determining whether the sum of said first and 
second totals exceeds said aggregate line transmission 
rate; 

(f) decreasing, for at least one data channel, the data 
rate allocated to said at least one data channel if the sum 
of said first and second exceeds said aggregate line 
transmission rate, thereby changing said first total, until 
said aggregate line transmission rate is at least equal to 
said sum of said first and second totals; and 

(g) setting the average rate of one of a group of clocks 
comprising a transmit and a receive clock of at least one 
of said channels equal to the requested data transmission 
rates of those channels decreased by the data rates de- 
termined at step (f). 

Further objects and advantages of the invention will 
be more easily understood upon reference to the de- 
tailed description of the invention taken in conjunction 
with the figures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of a time division multi- 
plexer which includes the apparatus of the invention for 
efficiently generating selects; 

FIG. 2 is a flow chart illustrating the bandwidth 
setting function of a microprocessor which comprises 
part of the apparatus of the invention, and the band- 
width setting portion of the method invention; 

FIG. 3 is a flow chart illustrating the framing deter- 
mination function of a microprocessor which comprises 
part of the apparatus of the invention, and the framing 
determination portion of the method invention. 

FIG. 4 is a chart of the computations performed in 
generating a hypothetical frame, and a diagram of a 
hypothetical frame and superframe; 

FIG. 5 is a block diagram of the means for setting the 
average rate of the clocks of the data channels equal to 
a value less than the requested rate; 

FIG. 6 is a block diagram and timing diagram of the 
up-down coordinator of the means for setting the aver- 
age rate of a clock of FIG. 5; and 

FIG. 7 is a block diagram of the up-down counter of 
the means for setting the average rate of a clock of FIG. 
5. 
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DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

A time division muldplexer/demultiplexer 10 which 
includes the apparatus invention for generating efficient 5 
select signals which account for varying data and con- 
tol transmission rates is seen in FIG. 1. The time divi- 
sion multiplexer/demultiplexer 10 (hereinafter refened 
to as a "multiplexer") generally multiplexes data and 
control signals from a plurality of individual data chan- 10 
nels 15a 156, 15c. . . as well as intermultiplexer commu- 
nication and synchronization (hereinafter referred to as 
"comms" and "sync" and jointly referred to as *'multi- 
plexer overhead"), for transmission over an aggregate 
line 20a. Multiplexer 10 also demultiplexes data, control IS 
signals and multiplexer overhead received over aggre- 
gate line 20& and sends the signals to their proper desti- 
nation. 

The various physical blocks of multiplexer 10 are 
seen in FIG. 1. The multiplexer 10 includes a channel 20 
interface 22 and integrated circuit package denoted 
"channel LSI" 24 for each peripheral (modem, multi- 
plexer, computer, etc.) utilizing multiplexer 10. As indi- 
cated in FIG. 1, according to the best mode, multiplexer 
10 can support up to sixteen peripherals through the use 25 
of three expansion cards 2Sk 25c, and 2Bd which identi- 
cally include a channel interface 22 and channel LSI 24 
for each peripheral, and which can each support four 
additional peripherals. The multiplexer further includes 
transmit circuitry 28 with a framing RAM 30, receive 30 
circuitry 32 with a framing RAM 34 (RAMs 32 and 34 
preferably comprising 8k by 8 bit static RAMs such as 
the Hitachi 6264), a microprocessor 40 such as a Motor- 
ola 6809 replete with microprocessor support circuitry 
42 (preferably of the 74HC type) and its own memory 35 
44 (preferably a Hitachi 6264 RAM; Hitachi 27256 
ROM; Xicor 2816 EEROM), and an aggregate interface 
card 46. Optionally, a supervisory interface card 48 is 
provided to permit control by the user over the system. 
The supervisory interface 48 preferably provides a 40 
"user friendly", menu-based dialogue via an intelligent 
terminal having x-y cursor addressing. 

Because much of the ^paratus invention resides in 
the functions of the microprocessor 40 and the relation- 
ship of the microprocessor with the various blocks of 45 
the multiplexer 10, it is instructive to review the func- 
tioning of the various multiplexer blocks. Multiplexed 
information, including data, control information, and 
multiplexer overhead, sent over the aggregate 2Qb is 
received at the receive LSI 32 via an aggregate inter- 50 
face card 46 which properly sets voltage levels. The 
receive LSI 32 preferably includes synchronization 
circuitry, buffers and clocks as is well known in the art, 
and a pointer which acts as a recirculating counter. The 
synchronization circuitry, buffers, and clocks are used 55 
to ensure that the multiplexer 10 is in synchronization 
with the remote multiplexer which is sending it infor- 
mation via aggregate 206. The pointer is used to address 
the RAM 34 which is programmed according to a fram- 
ing algorithm for demultiplexing the information which 60 
will be described in detail hereinafter. The information 
retrieved from the RAM 34 is decoded in the receive 
LSI 32. If the information is either data pr control infor- 
mation for a channel, the receive LSI 32 generates a 
channel select and sends the data or control information 65 
to one of the channel LSI's 24 in accord with the frame. 

The channel LSI 24 is comprised of data buffers, 
mark buffers, input and output pointers, clock circuitry. 
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and means, which will be described in detail hereinafter, 
for varying the average rate of the receive clock of the 
accompanying channel. Control information which is 
received from the receive LSI 32 by the channel LSI 24 
is passed directly to the control port of the channel of its 
destination. However, for data being received in accord 
with the receive frame, the channel LSI 24 has a receive 
data buffer for the data and an accompanying mark 
buffer which is supplied with bits generated by the 
receive LSI 32 in accord with whether or not the data 
being received is a most significant bit (MSB), The data 
is input into the buffers according to the location of the 
mput pointer of the buffer, and is output to the channel 
according to the receive clock of the channel and the 
location of the output pointer. A more detailed explana- 
tion concerning the buffers, and pointers of channel LSI 
24 may be had by reference to copending Serial No. 
876.229, previously incorporated by reference herein. 

In transmitting data or control information from mul- 
tiplexer 10 over aggregate 20fl; a frame and a super- 
frame must be built, as will be described in detail herein- 
after, according to the requirements of the user. Also as 
explained hereinafter, the requirements of the user will 
sometimes necessitate the need for varying a channel 
data rate below a standard rate in order to ensure that 
control rates as chosen by the user can be accommo- 
dated. Such requirements must be built into the cir- 
cuitry and frame. 

The frame, which is stored in RAM 30, includes 
charmel data selects and superframe selects. The super- 
frame, which nms at a slower speed than the frame, and 
which is also stored in RAM 30, includes selects for 
channel control information as well as intermultiplexer 
overhead. Thus, a pointer in the transmit circuitry 28 
addresses a location in the RAM 30, which in turn out- 
puts an eight bit code to the transmit circuitry 28. The 
transmit circuitry decodes the code. The first bit of 
code is used to indicate whether or not channel data is 
to be transmitted. If channel data is requested, the next 
four bits are used to indicate the channel (peripheral) 
from which the data is requested. Thus, the transmit 
LSI selects the channel 15 corresponding to the four bit 
address. In response, data which has been sent by the 
channel 15 via the channel interface 22 into a buffer in 
the channel LSI 24 according to teachings of copending 
patent application Ser. No. 876,229, is sent over the 
aggregate 20a via the aggregate interface 46. Also, 
when data is to be transmitted, a sixth bit of the eight bit 
code of the RAM is used to indicate whether or not the 
requested bit from the channel is a most significant bit. 
In response to this sixth bit of code, the transmit cir- 
cuitry 28 writes a bit of information into a transmit mark 
buffer of the channel LSI 24 according to a scheme 
taught in copending patent application Ser. No. 
876,229. 

If the first bit of the eight bit code of the transmit 
RAM 30 indicates a superframe select, the remaining 
bits are ignored. Instead^ the transmit LSI updates a 
second pointer which points to another location in the 
frame 30 which is particular to the superframe. The 
RAM 30 then outputs another eight bit code word 
which is decoded by the transmit LSI 28 to determine 
whether control information is to be sent, or whether a 
synchronization or communication bit (overhead) is to 
be sent Thus, according to the best mode, if any of the 
three least significant bits are "0", control information is 
to be sent. In such a mode, the first four bits provide the 
address of the channel from which the control informa- 
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tion is to be obtained, and the last four bits indicate Once the data rates are detennined, the microproces- 
which control bit (port) is to be transmitted. However, sor 40 using its support circuitry 42 sums the requested 
if the three least significant bits are all set to "1", the channel data rates at 54 and stores the total (Total 1) in 
system is attempting to transmit intermultiplexer com- its own memory 44. The total sum is then compared to 
munication or synchronization infonnation. and the first 5 the aggregate rate at 56, and if the requested sum is 
five bits have a different meaning. Thus, if the first five greater than the aggregate, an error fiag or alarm is 
bits are "0", it is defined as no operation. If the first bit generated, and the user is requested to change the re- 
is set to "1". it indicates the end of a superframe. If the quested bandwidth at 58. The user may alter the re- 
second bit is set to *• 1 the first or final bit of an inter- quested bandwidths by resetting switches or by commu- 
multiplexer communication byte is indicated. If the fifth 10 nicating with the microprocessor via the supervisory 
bit is set to "1", a communication bit is indicated. Fi- interface. Once the total data rate is decreased below 
nally, if the fourth and fifth bits are set to "1", a syn- the aggregate rate, the microprocessor determines the 
chronization bit is indicated. It should be appreciated requested control transmission rates for each of the 
that many different schemes to differentiate between channels at 60. Then, at 64 a second total is calculated 
communication, synchronization, and control bits will by the microprocessor support 42. The second total 
present themselves to those skilled in the art. equals the requested control total plus a fixed overhead 

While the functioning of the various multiplexer which comprises a minimum bandwidth for intermulti- 
blocks is described above and in copending patent appli- plexer synchronization and communication, 
cation Ser. No. 876,229, much of the novelty of the At 66, the microprocessor determines whether the 
instant mvention resides in some particular functions of system is in a "high efficiency mode" which permits 
the microprocessor 40 and the relationship of the micro- bandwidth to be stolen from the channel (e.g. when 
processor with the various blocks of the multiplexer 10. terminals or computers are the peripherals) as opposed 
In broad terms the microprocessor 40 may be said to to another mode (e.g. when modems are the peripher- 
have five functions. First, the microprocessor 40 has a als) which does not permit the data bandwidths to be so 
control function regarding the multiplexer 10 in that it altered. If none of the data bandwidths can be automati- 
coordinates multiplexer operation, controls the multi- cally altered, a third total (Total 3) which is the sum of 
plexer configuration by configuring all programmable the first and second totals is calculated at 70. The third 
hardware, calculates the . bandwidths required, and total is compared at 72 to the aggregate rate, and if the 
builds sets of frames and superframes for the multi- third total exceeds the aggregate, the user is required at 
plexer. A second function of the microprocessor it its 75 to change the data or control rales either by assign- 
synchronization function. The microprocessor detects ing new values or by deleting channels or particular 
loss of synchronization, and estabUshes or reestablishes controls. If the data rates are changed at 52, the first, 
synchronization with a remote multiplexer. The micro- second and third totals are recalculated at 54, 64, and 
processor also maintains synchronization while switch- 35 70. If the control rates are changed at 60, the micro- 
ing from a first frame to another frame. A third function processor recalculates the second total at 64 and. the 
of the microprocessor is its user-interface function third total at 70. Regardless, a new determination is 
wherein it interfaces with and is controlled by a super- made at 72 as to whether the aggregate now equals or 
visory terminal via supervisory interface 48, or altema- exceeds the third total. If it does not, the user is again 
tively it reads switches set by the user and drives indica- 40 requested to change the data or control rates at 75 until 
. tors which are used to inform the user regarding status. the aggregate can accommodate the requested rates. 
A fourth function is the communication function. The Once it is detennined at 72 that the aggregate is 
microprocessor communicates with a remote micro- greater than the third total, the efficiency of the system 
processor and resolves configuration differences or is maximized by assigning all remaining bandwidth to 
discrepencies which may be found, and informs the 45 overhead. Thus at 76. the synchronization and commu- 
remote multiplexer of any diagnostic tests that may be nication overhead bandwidths are set to equal or nearly 
in progress. The fifth general function is the diagnostic equal the aggregate rate minus the channel data and 
function which permits the microprocessor to periodi- control rates. Preferably, the sync and comms band- 
cally test the hardware and store the results. Unless widths are set such that their total plus the channel 
further described herein, it should be assumed that the 50 control rates will equal a rounded figure which easily 
various microprocessor functions and implementations divides into the aggregate rate. Then, at 78, the greatest 
thereof are similar or identical to those already known common denominator (GCD) of the data rates and the 
in the art. total of the controL rates and the assiged overhead is 

Turning to FIG, 2, a flow chan illustrating the band- found and set to the frame rate. The frame size may then 
width setting function of the microprocessor 40 is seen, 55 be determined at 80 by dividing the aggregate rate by 
At 50 the microprocessor reads the aggregate configu- the GCD. At 82, the greatest conunon denominator of 
ration switch of the aggregate interface card 46 to de- the controls, and one-eighth of the synchronization and 
termine the bit rate of the aggregate. Alternatively, the communicatbn rates is found. The superframe size is 
microprocessor may be instructed of the aggregate bit then determined by dividing the control, sync and 
rate by the user via the supervisory interface 48. At 52, 60 comms total by the superframe GCD. The superframe 
the microprocessor determines the requested data rates size is then added to the frame size determined at 80 and 
of the channels. The data rate determination may take the total is compared at 86 to the RAM available for 
the form of either readmg switches of the channel inter- storing the frame and superframe. If sufficient' RAM is 
faces 22, or being instructed by the user of the requested not available, the data or control rates must be changed 
data rates. If the microprocessor is instructed by the 65 at 75 to result in a shortening of the frame or super- 
user, the microprocessor, m conjunction with its con- frame. If sufficient RAM is available, the microproces- 
trol function, configures the channel interface to expect sor may continue on to generate a frame and super- 
certain data rates. frame. 
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If it is determined at 66 that the system is in the "high back to 102 and proceeding therefrom, the micro- 

efTiciency mode", bandwidth may be "stolen" from one processor will not be doubling the control rates but will 

of the data channels according to a technique and appa- be more than doubling the sync and comm rates, as all 

ratus hereinafter described. In this manner, the user is nonassigned bandwidth is given to sync and comms at 

permitted to assign non-standard bandwidths to channel S 111. 

controls, and the data bandwidth is adjusted to permit Turning to FIG. 3, the method of generating a data 
the system to function. Thus, at 90, a third total (Total frame is seen. First, at 130, the data channel rates are 
3) is calculated as the sum of the first and second totals. sorted by rate order. Then, at 132, a "ready counter" 
The third total is compared to the aggregate at 92 and if which mdicates that a select for the channel may be 
the fliird total does not exceed the aggregate, the re- 10 inserted mto the frame is set to one for each channel. A 
maming bandwidth is assigned at 94 to the non-data frame select position counter for each channel is initial- 
portions of the bandwidth. If the third total does exceed ized at 134 to equal the aggregate rate divided by the 
the aggregate, it is determmed that bandwidth must be frame rate (GCD). With the ready counters set and the 
stolen from a date channel Thus, at 102 the data rate of select position counters initialized, at 136, the top of the 
a channel is reduced by the amount of bandwidth 13 frame (the data channel with the highest rate) is in- 
needed (third total minus the aggregate). In the pre- dexed. The microprocessor then determines at 138 
ferred embodunent, the bandwidth is stolen from the whether the ready counter of the indexed channel has a 
diannel with the greatest data rate (e.g. channel 1). value greater than or equal to one. If not. the data chan- 
Then at 104, the data rate of the channel from which „ei with the next highest rate is indexed at 140 until a 
bandwidth has been stolen is compared to a preset rate 20 channel having a ready counter which will allow a 
(e.g. 0), and if the data rate exceeds the preset rate the select is found. Once such a channel is found at 138, a 
procedure contmues. Otherwise, the user is requested at determination is made at 141 as to whether the ready 
75 to change the data or control rat« and the micro- counter belongs to the last superframe reference m the 
processor is forced to proceed through the entire loop. f^mie. If the ready counter belongs to the last super- 
Of course, those skilled in the art wiU recogm?e that the 25 frame reference, the select is not written into the frame 
^stem requirements of box 104 can be set differently. as the last superframe reference is preferably placed into 
Thus, the channel rate wbch has been reduced could be the last location in the frame memory. Rather, the mi- 
compared to a different fixed rate or to a predetermined croprocessor proceeds to 146 and the loop following 
constant (e.g. 0.^ tunes the original data rate of the thereafter as will shortly be described, 
channel haying the targest bandwidth. Or. if desired, .30 iffhe ready counter is not the last superframe refer- 
r. °u '^•f ^ "S,*^". ^ ence. at 142. a select for the indexed channel is written 
other than the channel with the largest bandwidth. Yet into the next available frame memory location, and the 
Mother scheme would have data rates reduced propor- ready counter for the indexed channel is decremented, 
nonately for all channels m the high efTiciency mode. if the select is determined at 144 not to be the next to 
Retummg to FIG.^ once the system requirements of 35 last select in the frame, the top of the frame generation 
104 are met, the GCD of the data rates and the sum of table is indexed at 146. Then, for each channel (as steps 
the controls and overhead is found at 108. The frame isg and 160 cause a loop to be formed), a value equal to 
size B Aen found at 110 by dividmg the aggregate rate the channel rate divided by the GCD is subtracted from 
by the CCD for the frame. At 111, the efBciency of the each channel's select position counter at 148. Then, at 
system is maximuted by assignmg any free bandwidth to 40 152, a determination is made as to whether the frame 
the sjmchronizaaon and communications overhead, and position counter for any particular channel has de- 
at 112, the GCD of the controls, and one-«ghth of the creased to or below zero. If so, the channel's ready 
sync and comms requirements is found. The superframe counter is incremented at 154. and a value equal to the 
size IS thra determined by dividing the second total by aggregate divided by the data frame rate is added at 156 
Ok superframe GCD at 114. and the total of the super- 45 to the frame select position counter for that channel, 
frame and frame sizra is Aen compared at 116 to the Once a determination has been made at 158 and 160 that 
space available m RAM. If sufRcient memory is avail- all the entries have been indexed, the microprocessor 
able, the microprocKsor proceeds to generate the frame returns to 136. and the data channel with the highest 
and superframe as shovm m FIG. 3. If the RAM is not rate having a ready counter with a value of one or more 
sufficient for building the frame and superframe, a de- SO is indexed so that a select may be written into the frame, 
termuiation is made at 118 as to whether the second jhe loop as afore-described U then repeated untU the 
total (non-date bMdwidth) a the detemumng factor for jajt data select (next to last, select) U written into the 
the frame GCD. If the second total is not equal to the frame at 144. Then the last superframe select and end of 
GCD. the microprocessor requires the user at 75 to frame marker are written mto the frame at 165. 
change the requested rates, and the entire procedure is 55 Turning to FIG. 4, a hypothetical frame and super- 
^^f^; >f ^""^ "^"^ *° the frame built according to the teachings of the invention 
u t ^ <letenninmg is seen. An aggregate of 38,400 bits/second was avail- 
?! ^^^'^ 13 doubled al 120. and the able. The frame frames data from seven peripherals 
data bandwidth of the channel from which bandwidth havmg bit rates ranging from 9600 bits/sec to 1200 
was stolen is reduced again at WZ The doubling of the 60 bits/sec. and control rates ranging from 50 bits/sec w 
second total may be seen to have two fimctions in re- 400 bits/sec. For purposes of illustration only, the low- 
ducmg required RAAl. F^t, by doubhng the GCD. the est permissable intermultiplexer synchronization and 
frame size is cut m half. Second, if the synchronization communication rates were each set at 400 bits/sec. The 
or communicauon bandwidth (one-eighth thereoQ was peripherals were arranged by channel as follows: 
the determinmg factor of the superframe, the GCD of 65 

the superframe will likewise be mcreased, thereby re- 

ducing the length of the superframe. It will also be cimuiei # Bit Rme Control Raic3 by Control # 

appreciated that in doubling the second total, looping 1 9600 ci = 400 cz = 200 C3 = so C4 = 50 
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second superframe select which would normally been 

-continueo ^^^^ selected earlier where the channel seven select is 

seen (the thirty-first slot), was delayed and placed into 
the last slot. In this manner a frame is provided which 
5 accommodates the requested control and overhead 
rates. All except one of the data rates were also kept 
intact. 

After the frame has been set, the superframe must be 

built The building of the superframe is carried out in 
As will be readily seen, the total bandwidth of the seven 10 almost an identical manner to the frame building. Thus, 
channels (first total) is 37,200 bits/sec which is less than the superframe components are arranged in rate order 
the aggregate bit rate. The combined total of the con- and superframe component select position counters are 
trol rates and the overhead is 2400 bits/sec (second initialized to forty-eight, since the GCD of the super- 
total). The sum of the two totals is 39,600 bits/sec (third frame is fifty, and the combined control and overhead 
total), which exceeds the aggregate bandwidth by 1200 15 rate is 2400 bits/sec. Then using the same channel ready 
bits/sec. Conveniently, the greatest conmion denomina- counter and select position counter subtraction scheme, 
tor of the data bit rates is 1200. Thus, the removal of a superfine is built. Thus, the first control of periph- 

single select from one of the data channels will provide gj^j (channel) one (Cl,l) and the first control of periph- 
exactly the 1200 bits/sec needed. ^^^q (c2 are inserted into the superframe. Then, 

In framing, it is seen that with a GCD of 1200 and an 20 ^j^^ communications and synchronization selects are 
aggregate of 38,400 bits/sec, there will be thirty-two inserted, etc. As with the last superframe select in the 
bits/frame (i.e. the select position counter of the chan- ^^^^ appreciated that the last select of the 

nels are initially set to thirty-two). In accord vnth the superframe is especiaUy set aside. Thus, the last select is 
invention, the channels were arranged with greatest bit reserved for a synchronization bit which is used to 
rate first. The superframe was placed between channels 25 ^^^j. ^ ^^^^^^ multiplexer of a change in frames, 
six and seven. Then, the figure required by step 148 was difference between the manner of building the 

determined by dividing 1200 into each channel baud 3 ^-.^g f,^^^ -.^ t^e provision of the ability to 
rate (which also provides the number of selects r ^^.j^ asymmetrical superframes. In other words, the 

per frame for each data channel and the combined con- ^ ^.^^^ ^^^^^ ^^^^^^^ ^^^^^^-^ 

trol/overhead "channel"). Ako because Uie aggregate 30 ^ ^^^^^ ^^e frames to be different. Thus, if 

-rate is less thai, the requests! data^ontrols and mini- P ^ ^^^^^ ^^^^^ 

■mumoverhead, therequestedratefiiomoneof thech^^^^ ^^^^^^ 
nels was decreased. Assuming that the penphera^ at- PP ^^^^^ ^^^^ ^^^^ information to 

tached to channel one was a modem, but that the pe- ""^ * . ' An • ,u ir.^^.fn^^ aa 

ripheral attached to channel two was a terminal, one 35 ^^^^iTT ih .h^l 
select was "stolen" from channel two so that the super- The desired ^™ 

frame selects could be accommodated. Thus, the actual '^f^^ ^'f^^^ tL^T'Tj^^rTlX 

rate of channel two was 8400 bits/sec, and the chamiel f ^^^'^P^^^ ^nl 1 "f nh^^^^^ 

frame select position counter subtraction factor deter- that wherever a select of cont ol ^^f^/f^^^ 
mined at 14S was seven for chamiel two. 40 appeared on the ttansmit side, i would be repbced by 

. Using the framing algorithm of FIG. 3, the micro- ^^^^rol two of channel one on the receive side. Those 

wauiB ^0*1*1115 «5 ^ • ' r„„ sldUcd in thc art will appreciate that this asymmetric 

processor chose selects for placement mto a frame de- s*^cu m tuc mi wui a^^p v „r\i,„ 
pending upon the ready counter of the channel and the ^ame capabi ity together with the abdity of he pro- 
frame select position counter of the channel as outlined vided multiplexer to read and wnte from all output 
in FIG. 4. In FIG. 4. the status of a ready counter set to 45 controls, obviates the need for the external winng (e.g^ 
one is indicated by an underline of the frame select jmnper plup)of the pnorart. lt will also be apprea 
position counter value. No underline indicates that the that a similar techmque can be employed in the frame 
ready counter is at zero. Thus, a frame was developed opposed to the superframe) to achieve a cross-cou- 

as shown in FIG. 4. Because the channels frame select phng of data channels. ^ ^ u • 1^ 

position counter for each channel was initially set to be 50 Returning to FIG. 4, with the hypothetical data, 
thirty-two at 132, and because eight was subtracted control, sync and comms rates as provided above, the 
from that figure at 148 each time a select was written frame must repeat twenty-four times for each repetition 
into the frame, it wfll be appreciated that a select for of the superframe, as two selects for the superframe 
channel one appears every fourth select. While chanel occur in each frame. Thus, the clocks which control the 
two would have normally foUowed the same pattern if 55 pointers which address the locations of the frame a^d 
bandwidth had not been "stolen" from it, a deviation is superframe in the RAM must be set accordingly. The 
seen to occur at the tenth select in the frame. It is seen clocks for each of the data channels are also easily de- 
that channel two has not reached a position counter rived by phase locking to the aggregate and dividing 
below or equal to zero until after that tenth select, and down to produce the required clocks. However, m the 
therefore the select of channel two occurs out of posi- 60 hypothetical arrangement previously provided, while 
tion in the eleventh position. This may be contrasted to the nominal rate for channel two is set at 9600 bits/sec, 
a frame which would be established if the superframe the actual rate must be 8400 bits/sec, as 1200 bits/sec 
rate was half that which was assumed herein such that has been stolen for superframe use. Thus, a means for 
no bandwidth would be stolen from channel two. setting the average rate of the receive and transmit 

A review of the data frame seen in FIG, 4 will also 65 clocks of channel two equal to the nominal rate minus 
show that the correct amount of selects for each chan- the stolen rate must be provided, 
nel were evenly divided throughout the frame. In that Turning to FIGS. 5 through 7, the means for setting 
vein, and in accord with steps 140, 144 and 156, the the average rate of the receive and transmit clocks of 
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the channels exactly equal to the requested channel rate 
minus the stolen rate is seen. The circuit of FIG. 5, 
which sets the receive clock of the channel (the transmit 
clock of the channel is preferably taken directly from 
the receive clock) and which is preferably located in 
each channel LSI 24, is activated by the microprocessor 
40 when it is determined by the microprocessor during 
framing that bandwidth must be stolen from a channel. 
The circuit broadly comprises an up-down counter 200 
connected to a frame clock 202 and a receive clock 230, 
the up-down counter counting up when a select for the 
channel is received from said frame, and counting down 
when clock pulses from said receive clock are received, 
and means 206 and 208 for reducing the rate of receive 
clock 230 by deleting a clock pulse from the divided 
down clock 205 when the counter 200 reaches a lower 
threshold. 

More particularly, line RDAS3B is the receive data 
select line 202 which is used to clock data from the 
multiplexer into the receive data buffer. Pulses on line 
202 cause the up-down counter 200 to count up as will 
be described with reference to FIG. 6. On the other 
hand, Ime DDC Is the divided down clock line 205 
which is used to generate the receive clock which is 
then used to clock data from the receive buffer to the 
peripheral. Pulses from the receive clock cause the 
up-down counter 200 to count down as will be de- 
scribed with reference to FIG. 6. The up-down coordi- 
nator circuit 220 is used to prevent clock pulses from 
lines 202 and 230 from clocking the up-down counter 
200 simultaneously. 

The up-down counter 200 is preferably a four-bit 
counter initially set to a value of eight. The output 
signal (LT4) 225 of the up-down counter is arranged to 
go high if the value in the up-down counter 200 is less 
than four, as will be described with reference to FIG. 7. 
With the output signal 225 being input into flip-flip 206, 
the output of flip-flop 206 goes low when signal 225 is 
high and thereby forces the output of AND gate 208 
low. Since the output of AND gate 208 is the receive 
clock 230 {RCK2), a low output from AND gate 208 
will cause the receive clock 230 to miss a pulse. As a 
result, information which is in a receive buffer will have 
to wait another pulse of the divide down clock 205 
before it is clocked into the waitmg peripheral. Refer- 
ence may be had to copending patent application Ser. 
No. 06/876,229 fded 6/19/86 now U.S. Pat No. 
4,710,920, FIG. 2, to see the relationship of the divide 
down clock, and the transfer of data from the receive 
buffers to the peripherals. As indicated therein at box 
100, the mput pointer, which directs the slots in which 
the incoming data are to be placed in the buffers, is 
incremented by channel selects of the receive frame. 
Also, as indicated, the output pointer 102, which points 
to the buffer slots from which data is to be received by 
the terminal. If the receive frame is placing selects into 
particular buffers in a slower than expected manner due 
to the stealing of bandwidth from that channel, and the 
receive clock to the terminals is not slowed, the output 
pointers would catch up to the input pointers, and the 
system would shut down. Thus, the circuitry of the 
invention herein causes a reduction in the rate of the 
receive clock of the terminal, and the divided down 
clock 205 herein, is the same as the timing clock 104 and 
programmable divider 106 of the aforerefercnced appli- 
cation Ser. No. 06/876,229 filed 6/19/86 now U.S. Pat. 
No. 4,710,920. 
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Turning to FIG. 6, the up-down coordinator circuit 
220 is seen in detail with a timing diagram which helps 
explain its functioning. The up-down coordinator com- 
prises two flip-flops 250 and 260, a combined flip-flop 
5 and two-to-one multiplexer 270, an inverter 272, a 
NAND gate 274, and two OR gates 276 and 278. The 
coordinator 220 has three clock inputs, receive clock 
230 (RCK2) which clocks data from the receive buffer 
of the channel to the peripheral, a data select 202 
10 (RDAS3B) which clocks data from the multiplexer into 
the receive data buffer, and a high speed clock 282 
(SCKD2), the first two being synchronized to the latter 
input. Input 290 (RB) is used to reset the flip-flops upon 
power-up. The outputs of the coordinator are a count 
15 down signal 280 (CD) and a count up signal 285 (CU). 
While positive transitions may occur on both the re- 
ceive clock 280 and the data select input 202 simulta- 
neously, with the count up signal following the data 
select and the count down signal following the receive 
20 clock, positive transitions are not permitted simulta- 
neously on CU and CD as will be described hereinafter. 

Referring to the timing diagram of FIG. 6, it is seen 
that the receive clock 230 which results from the AND 
logic output of the opposite of the divided down clock 
25 and the not Q output of flip-flop 206, is preferably a fifty 
percent duty cycle clock. One the other hand, the re- 
ceive data select line 202 which is used to clock data 
from the multiplexer into the receive data buffer, is 
normally high but goes low at its pulse repetition fre- 
30 quency for one cycle of the high speed clock 282. Flip- 
flop 260 functions to delay the select clock 202 by one 
cycle of the high speed clock 282. Thus, the not Q (Q 
bar) output of flip-flop 260 is seen to go low for one 
cycle of high speed clock 282 one cycle after the select 
.35 clock 202 has gone low. When the not Q output of 
flip-flop 260 is low, and the high speed clock 282 goes 
low, the output of OR gate 278 goes low, and a count up 
pulse 285 appears for half a cycle of the high speed 
clock. 

40 Flip-flop 270 functions in much the same manner as 
flip-flop 260. In most cases of operation where a receive 
clock and a select clock transition are not received 
simultaneously, the select line 202 is inactive (high) 
when a receive clock pulse is received. When select line 
45 202 is high, the SEL input into flip-flop 270 is low, and 
the Q output delays the receive clock signal 230 by one 
cycle of the high speed clock 282. The Q output is then 
fed into iflip-flop 250 and NAND gate 274 which to- 
gether act as a differentiator. Thus, a positive transition 
50 on the Q output of flip-flop 270 causes the output of 
NAND gate 274 to go low for one cycle of the high 
speed clock 282, The output of NAND gate 274 is then 
gated with the high speed clock 282 by OR gate 276, 
and a count down pulse 280 appears for half a cycle of 
55 the high speed clock. Where transitions on the receive 
and select clocks 230 and 202 are received simulta- 
neously (as seen in the second half of the timing diagram 
of FIG. 6), the SEL input into flip-flop 270 is high and 
causes the Q output to be maintained at its present state. 
60 Thus, the Q output of flip-flop 270 is delayed by an extra 
cycle of the high speed clock and the output of NAND 
gate 274 and OR gate 276 are likewise delayed. As a 
result, the count down pulse 280 is also delayed by one 
cycle, and the correct operation of up-down counter 
65 200 is assured. 

Turning to FIG. 7, the up^iown counter 200 is seen in 
detail The up-down counter 200 consists of four flip- 
flops 300, 310, 320, 330, six two-input AND gates 340, 
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342. 344. 346, 34«, 350, one inverter 352, one three-input 
NAND gate 354. and six NOR gates 356, 358, 360. 362. 
364. 366. The state of the Q outputs of the four flip-flops 
represents a four-bit word which is the count, with 
flip-flop 330 representing the MSB of the word, and 5 
flip-flop 300 representing the LSB. In the start-up 
mode, the enable sub-rate (ENSR) input 235 to the 
flip-flops is low, causing flip-flops 300, 310, and 320 to 
clear and causing the Q ou^ut of flip-flop 330 to be set 
(not Q is low). The resulting four bit binary word is 10 
1000 (eight in decimal), which is the initial count as 
aforedescribed. The four bit count, however, is not the 
output of the counter. Rather, a less than four (LT4) 
signal 225 is derived from the count, and is only positive 
when the not Q outputs to AND gate 350 from flip- IS 
flops 320 and 330 are both positive. Thus, the LT4 
signal 225 only goes high when the Q outputs of the 
most significant bits are low such that the count is less 
than four. As described above, when the count drops 
below four and the LT4 signal goes high, one pulse of 20 
the receive clock 230 is deleted. 

For counting up and down, the up-down counter 
receives either a CU signal or a CD signal from the 
up-down coordinator 220 as previously discussed. The 
positive transition of both clocks is used to change the 25 
count, and as previously discussed, the positive transi- 
tions are not permitted to occur simultaneously, but 
rather, one clock must be high when the other goes 
positive. Thus, as seen in FIG. 7, when either the CU or 
CD pulse is received by the first flip-flop 300, it is 30 
passed by AND gate 340, and the Q output changes 
value. Flip-flop 310, which produces the next bit of the 
count toggles depending on the state of the first flip- 
flop. Thus, in the situation where flip-flop 3(M) has a low 
Q output and in the absence of either a CU or CD sig- 35 
nal, both inputs into NOR gate 356 are high, as the 
normal state of CU is high, and the output of NOR gate 
•356 is low. At the same time, one input (CD) into NOR 
-gate 358 is high, causing the output of NOR gate 358 to 
be low. With low outputs from NOR gates 356 and 358, 40 
-the output of NOR gate 360 is high. If a CU signal 
appears, the CU signal will not cause the output of 
NOR gate 356 to change, as the not Q output of flip-flop 
300 is still high. Thus, the output of NOR gate 360 will 
not change, and flip-flop 310 will not toggle. However, 45 
if a CD signal appears (CD goes low), both inputs into 
the NOR gate 358 will be low, causing the output of 
NOR gate 358 to go high. With a high input into NOR 
gate 360, the output of the NOR gate 360 will go low, 
thereby toggling flip-flop 310. In sum, then, a CU signal 50 
will not toggle flip-flop 310 when the Q output of flip- 
flop 300 is low. but, a CD signal will toggle the flip-flop 
310 in the same circumstance. Those skilled in the art 
will recognize that for reasons of symmetry, if the Q 
output of flip-flop 300 is high, a CD signal will not cause 55 
flip-flop 310 to toggle while a CU signal will cause such 
toggling. Tliose skilled in the art will also appreciate 
that flip-flops 320 and 330 and the circuitry associated 
therewith perform in similar manner, with flip-flop 320 
depending on the status of flip-flops 300 and 310, and 60 
flip-flip 330 depending on the status of flip-flops 300. 
310 and 320. 

Returning to FIGS. 2 and 3. the method invention for 
efficiently allocating bandwidth to data, control syn- 
chronization and intennultiplexer communication infor- 65 
mation, and for providing flexible data rates and control 
rates with high utilization efficiency is seen. As seen at 
50 and 52. the requested data transmission rates for each 



of the data channels and the aggregate line are deier- 
mined. At 60, the requested control transmission rates 
for each control of the data channels is determined. For 
the high efficiency mode where bandwidth may be 
stolen from a data channel, the total of the requested 
data transmission rates is summed to produce a first 
total, the total of the requested control transmission 
rates and the overhead signal rates are summed to pro- 
duce a second total, and the first and second totals are 
summed to produce a third total at 54, 64, and 90 respec- 
tively. At 90, a determination is made as to whether the 
third total exceeds the aggregate line transmission rate. 

If the aggregate exceeds the third total, the sync and 
comms rates are increased at 94 and 111 to provide an 
efficient use of the available bandwidth. If the third 
total exceeds the aggregate by a certain amount, a chan- 
nel data rate must be reduced at 102 by that amount, 
provided that system requirements such as set forth at 
104 are met. Once all the data rates, control rates and 
sync and comms rates are accommodated, the best 
mode of the method requires that a determination be 
made as to whether sufficient RAM is available to store 
the frame and superframe, the sizes of which had been 
previously determined. If sufficient RAM is not avail- 
able, the second total is doubled, the data rate of the 
channel from which bandwidth had already been stolen 
is again reduced (this time by an amount equal to one- 
half the new second total), and if system requirements 
are met, an evaluation of frame and superframe size as 
compared to RAM space available is undertaken. 

Once it is determined that the available RAM is suffi- 
cient to store the frame and superframe, the frame and 
superframe are built in almost an identical manner. For 
the frame, the channel data rates and the second total 
are sorted into rate order. The selects for each channel 
and the superframe are generated by an algorithm 
which initializes each channel select position counter to 
the aggregate rate divided by the frame rate, decre- 
ments each position counter by the particular channel 
rate divided by the frame rate each time a select is or 
could be (as in the case of the last superframe select) 
placed in the frame, and adds an amount equal to the 
aggregate rate divided by the frame rate each time the 
position counter reaches or falls below zero. Selects are 
chosen by giving priority to the channel with the high- 
est rate if its channel ready counter is set to one. The 
channel ready counters are all initially set to one. After 
a select is chosen for the channel, the channeFs ready 
counter is decremented by one. The channel's ready 
coimter is increased each time the channel's position 
coimter reaches or falls below zero. The last superframe 
select is preferably written into the last slot of the frame. 

There has been described and illustrated herein appa- 
ratuses and methods for efficiently allocating band- 
width to channel data and controls and multiplexer 
overhead information and for providing flexible data 
and control rates with high utilization efficiency. While 
particular embodiments of the invention have been 
described, it is not intended that the invention be limited 
thereby, as it is intended that the invention be broad in 
scope and that the specifications be read likewise. Thus, 
while the preferred invention was described in terms of 
supporting up to sixteen peripherals and having RAMs 
providing eight bit codes, it should be appreciated that 
the number of peripherals (channels) may be changed as 
desired as may the number of bits in the coding as well 
as the coding itself used in the RAMs. Likewise, while 
particular algorithms for "stealing" data bandwidth 
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from a channel and for placing selects in a frame were 
provided, those skilled in the art will appreciate that 
many changes may be made to . those algorithms and 
many equivalents provided which should be considered 
within Uie scope of the invention. Thus, for example, 5 
instead of doubling the second total at step 120 of RG. 
2, an amount of bandwidth could be added to the previ- 
ous second total. In this manner* even if the CCD was 
dictated by the second total in conjunction with another 
data rate, the GCD might be increased if the other data 10 
rate was not equal to the GCD. Also, while the inven- 
tion provided for the stealing of the bandwidth prior to 
firaming, those skilled in the art will appreciate that all 
of the channel data selects could be inserted into the 
frame prior to the insertion of the supefrarae selects. 15 
Then, if the required slots were unavailable for the 
superfirame selects, bandwidth could be "stolen" by 
removing a select of a data channel and replacing it 
with a superframe select. Such a technique should be 
considered as literally decreasing the data rate allocated 20 
to a data channel. 

It will also be appreciated that various terms of art 
were used broadly and interchangeably throughout the 
specification. Thus, "bandwidth" should be equated 
with "data rate" which itself equates with "bit rate". 25 
Likewise, the terms "peripherals" and "channels" were 
used interchangeably. Further, while "information" 
was primarily used to indicate control information or 
multiplexer overhead, the term "dato" refers to channel 
data as well as other information. However, neither 30 
term is intended to be limiting in nature. 

Further, it will be appreciated that while only brief 
note was made of the possibility of rounding off the 
second total such that the GCD of the data rates and 
second total will not be too small, those skilled in the art 35 
will recognize that such rounding off may be required 
such that the frame wDl fit in the available space in the 
RAM. Thus, if desired, sync and comms rates, as well as 
data rates and control rates may be limited to prespeci- 
fied "allowable" rates. In that regard, if the aggregate 40 
bandwidth exceeds the requested data and control 
bandwidths, and the sync and comms bandwidth is 
expanded as in FIG. 2, box 111, the sync and comms 
bandwidth may not be exactly set to the second total 
minus the controls bandwidth. Rather, because the sec- 45 
ond total minus the controls might not be an allowable 
bandwidth, the sync and comms bandwidth would be 
set to an allowable bandwidth directly below the avail- 
able bandwidth- The remainder of the bandwidth would 
be assigned to waste bandwidth. 50 

Yet further it will be appreciated that various of the 
means and steps of the invention may be combined or 
separated without escaping the scope of the invention. 
Thus, a single running total rather than first and second 
totals may be kept to help determine whether band- 55 
width must be stolen from a channel. On the other end, 
a third total which is the sum of the first and second 
totals may be conveniently used for comparison means 
with the aggregate rate. 

Finally, while the specifications herein only refer to a 60 
single frame being stored in a RAM, those skilled in the 
art will appreciate that the building of a second frame 
while a first frame is running is known in the art In- 
deed, the multiplexer herein not only provides for such 
a situation, bat provides many preset frames stored in 65 
the frame RAMs to accoimt for common data rate and 
control rate situations. Therefore, it wiU be apparent to 
those skilled in the art that other changes and modifica- 
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tions may be made to the invention as described in the 
specification without departing from the spirit and 
scope of the invention as so claimed. 
We claim: 

1. In a time division multiplexer which multiplexes 
for transmission over and for receipt from at least one 
aggregate line in accord with at least one frame data and 
control information from a plurality of channels and 
multiplexer overhead information, an apparatus for 
determining the data rates to be allocated to the data 
and controls of said channels and to the said multiplexer 
overhead, and for permitting said data channels to run 
at said allocated data rates, said apparatus comprising: 

(a) means for determining the requested data trans- 
mission rates for each of said data channels and said 
aggregate line; 

(b) means for determining the requested control 
transmission rates for each of said data channels; 

(c) summation means for summing the total of said 
requested data transmission rates to produce a first 
total, for summing the total of said requested con- 
trol transmission rates and said overhead signal 
rates to produce a second total, and for summing 
said first and second totals; 

(d) comparison means for determining whether the 
sum of said first and second totals exceeds the de- 
termined transmission rate of said aggregate line; 

(e) means for decreasing the data rate allocated to at 
least one data channel thereby changing said first 
total, to ensure that said aggregate line transmission 
rate is at least equal to the sum of said first and 
second totals; and 

(f) means for setting the average rate of one of a 
group of clocks comprising a transmit and a re- 
ceive clock of at least one of said channels equal to 
the requested data transmission rates of that chan- 
nels decreased by rates dictated by said means for 
decreasing the allocated data rate. 

2. An apparatus according to claim 1, wherein: 
said means for decreasing the data rate allocated to at 

least one data channel reduces the data rate by an 
amount substantially equal to the aggregate rate 
minus the sum of said first total and the said second 
total 

3. An apparatus according to claim 2, wherein; 
said means for decreasing the data rate allocated to at 

least one data channel reduces the data rate of a 
channel having the largest data rate which permits 
a reduction in its rate. 

4. An apparatus according to claim 2, wherein: 
said means for decreasing the data rate allocated to at 

least one data channel reduces the data rates of all 
the channels permitting a reduction in their rate in 
a pro rata manner. 

5. Ajn apparatus according to claim 1, further com- 
prising: 

(g) memory means; and 

(h) means for writing selects for channel data and for 
a superframe comprising said control and multi- 
plexer overhead information into said memory 
means to create a frame when said aggregate line 
transmission rate is at least equal to the sum of said 
first and second totals, wherein the number of se- 
lects for data from each of said channels relates to 
said requested data rates minus the rates dictated 
by said means for decreasing data rates. 

6. An apparatus according to claim 5, further com- 
prising: 
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(i) means for determining a greatest common denomi- 
nator of said requested data transmission rates de- 
creased by rates dictated by said decreasing means 
for each of said data channels and said second total 
of the sum of the requested control transmission 5 
rates and overhead rates, wherein said greatest 
common denominator is a frame rate of said frame. 
7. An apparatus according to claim 6, wherem: 
said means for writing selects into said memory 
means to create a frame includes: 10 

(1) channel select position counters for each of said 
data channels and for said second total; 

(2) channel ready counters for each of said data chan- 
nels and for said second total; 

(3) means for initializing said channel select position 15 
counters to a value equal to said aggregate rate 
divided by said frame rate; 

(4) means for determining each position counter of a 
channel by the channel rate divided by said frame 
rate each time a select is capable of being placed in 20 
said fram^ 

(5) means for incrementing each of said position 
counters by said value equal to said aggregate rate 
divided by said frame rate when said position 
counter value is less than one; 2S 

(6) means for initializing said channel ready counters 
to a value of one; 

(7) means for decrementing said channel ready 
counter of a channel when a select is chosen for 
that channel; 30 

(8) means for incrementing said channel ready 
counter of a channel by one when said channel 
position counter value for that channel is less than 
one; 

(9) means for placing said data channels and said 35 
second total in rate order; and 

(10) means for choosing the order of selects for said 
data channel and said second total as a function of 
the place of said data channel and said second total 

in rate order, and the value of said channel ready 40 
counters. 

- 8. An apparatus according to claim 6, wherein said 
overhead comprises multiplexer synchronization and 
multiplexer communication information, further com- 
prising: 45 

0 means for determining the greatest common de- 
nominator of said control rates and one eighth of 
each of said multiplexer synchronization and multi- 
plexer communication information; 

(k) means for dividing said aggregate rate by the 50 
greatest common denominator determined at (i) to 
provide a frame size; 

(1) means for dividing said second total by said great- 
est common denominator determined at 0) to pro- 
vide a superframe size; 55 

(m) means for adding said frame and superframe sizes 
to provide a required memory size, and comprising 
said required memory size to the size of memory 
available in said memory means for said frame and 
superframe; and 60 

(n) means for increasing said second total if said re- 
quired memory size exceeds said memory avail- 
able, wherein said means for decreasing the data 
rate allocated to at least one data channel further 
decreases the data rate allocated to at least one 65 
channel if said second total is increased. 

9. An apparatus according to claim 8, further com- 
prising: 



means for allocating additional bandwidth to said 
overhead such that said overhead bandwidth sub- 
stantially equals said increased second total, minus 
said requested control rates. 

10. An apparatus according to claim 5, wherein: 
said means for setting the average rate of one of a 

group of clocks comprises: 

(1) an up-down counter controlled by said frame and 
said one of a group of clocks, the up-down counter 
counting up when a select for the channel is re- 
ceived from said frame, and counting down when 
clock pulses from said one of a group of clocks are 
received; and 

(2) means for reducing the clock rate of a channel 
whose data rate has been decreased by said de- 
creasing means (f) but whose clock rate is set equal 
to the requested data rate when said up-down 
counter reaches a lower threshold. 

11. An apparatus according to claim 10, wherein: 
said up-down counter is initially set to a valuae of 

eight, and said means for reducing the rate of one 
of a group of clocks reduces said rate when the 
value of said counter decreases below a value of 
four. 

12. An apparatus according to claim 10, wherein: 
said means for reducmg the clock rate of a channel 

whose clock rate is equal to the requested data rate 

but whose data rate has been decreased by said 

decreasing means (f), comprises: 
a flip-flop having the output of said up-down counter 

and a divided down clock equal to said requested 

data rate as inputs; 
an AND gate having the not Q output of said flip-flop 

and a not divided down clock as inputs, wherein 

the output of said AND gate is said one of a group 

of clocks. 

13. An apparatus according to claim 12, wherein: 
said one of a group of clocks is said receive clock; and 
said transmit clock is set equal to said receive clock. 

14. An apparatus according to claim 12, wherein: 
said means for reducing the clock rate of a channel 

whose clock rate is set equal to the requested data 
rate but whose data rate has been decreased by said 
decreasing means (0, further comprises: 
an up-down coordinator which prevents a select from 
said frame and a clock pulse from said one of a 
group of clocks from clocking said up-down 
counter simultaneously, wherein the inputs into 
said up-down coordinator include the output from 
said AND gate, a high speed clock, and selects for 
the channel sent by said frame, and wherein the 
outputs of said up-down coordinator are a count 
down pulse and a count up pulse which are both 
fed to the input of said up-down counter. 

15. In a time division multiplexer which multiplexes 
in accord with at least one frame for transmission over 
and for receipt from at least one aggregate line data and 
control information from a plurality of channels and 
multiplexer overhead information, wherein a channel 
rate is decreased to a rate other than a rate originally 
assigned to it, an apparatus for setting the average rate 
of one of a group of clocks comprising a chaimel re- 
ceive clock and a channel transmit clock equal to said 
rate other than the assigned rate, said apparatus com- 
prising: 

(a) an up-down counter controlled by said frame and 
said one of a group of clocks, the up-down counter 
coimting up when a select for the channel is re- 
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ceived from said frame, and counting down when 
clock pulses from said one of a group of clocks are 
received; and 
(b) means, when said up-down counter reaches a 
lower threshold, for reducing the clock rate of a 5 
channel whose data rate has been decreased to a 
rate other than was originally assigned to it but 
whose clock rate is set equal to the requested data 
rate. 

16. An apparatus according to claim 15, wherein: 
said means for reducing the clock rate of a channel 

comprises a flip-flop having the output of said up- 
down counter and a divided down clock equal to 
said originally assigned data rate as inputs, and an 
AND gate having the not Q output of said flip-flop 
and a not divided down clock as inputs, wherein 
the output of said AND gate is said one of a group 
of clocks. • 

17. An apparatus according to claim 16, wherein: 20 
said one of a group of clocks is said channel receive 

clock; and 

said channel transmit clock is set equal to said chan- 
nel receive clock. 

18. An apparatus according to claim 17, wherein: 25 
said means for reducing the clock rate of a channel 

further comprises an up*down coordinator which 
prevents a select from said frame and a clock pulse 
from said one of a group of clocks from clocking 
said up-down counter simultaneously, wherein the 30 
inputs into said up-down coordinator include the 
output from said AND gate, a high speed clock, 
and selects for the chaimel sent by said frame, and 
wherein the outputs of said up-down coordinator 
are a count down pulse and a count up pulse which 35 
are both fed to the input of said up-down counter. 

19. An apparatus according to claim 18, wherein: 
said up-down counter comprises four flip-flops and 

associated logic circuitry, the Q outputs' of said 
four flip-flops providing a four bit value initially set ^ 
to a value of eight; and 
said means for reducing the rate of one of a group of 
clocks reduces said rate when the value of said 
counter decreases below a value of four. 

20. An apparatus according to claim 19, wherein: 
said associated logic circuitry includes an AND gate 

with the not Q outputs of the two most significant 
flip-flops of said four flip-flops as inputs, such that 
said rate of one of a group of clocks is reduced 
when the logical AND of the not Q outputs of the 
two most signiflcant flip-flops is positive. 

21. In a time division multiplexer which multiplexes 
for transmission over and for receipt from at least one 
aggregate line in accord with at least one frame, data 55 
and control information from a plurality of channels 
and multiplexer overhead information, an method for 
determining the data rates to be allocated to the data 
and controls of said channels and to the said multiplexer 
overhead, and for permitting said data channels to run 

at said allocated data rates, said method comprising: 

(a) determining the requested data transmission rates 
for each of said data channels and said aggregate 
line; 

(b) determining the requited control transmission 65 
rates for each of said data channels; 

(c) summing the total of said requested data transmis- 
sion rates to produce a first total; 
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(d) summing the total of said requested control trans- 
mission rates and said overhead signal rates to pro- 
duce a second total; 

(e) determining whether the sum of said first and 
second totals exceeds said aggregate line transmis- 
sion rate; 

(f) decreasing, for at least one data channel, the data 
rate allocated to said at least one data channel if 
said sum of said flrst and second totals exceeds said 
aggregate Ime transmission rate, thereby changing 
said first total, until said aggregate line transmission 
rate is at least equal to said sum of said first and 
second totals; 

(g) setting the average rate of one of a group of clocks 
comprising a transmit and a receive clock of at least 
one of said channels equal to the determined re- 
quested data transmission rates of that channel 
decreased by rate dictated by said step (f). 

22. A method according to claim 21, wherein: 

said decreasing the data rate allocated to at least one 
data channel in accord with step ({) reduces the 
data rate by an amount equal to the aggregate rate 
minus the sum of said first total and said second 
total 

23. A method according to claim 22, further compris- 
ing: 

reducing the data rate of a channel having the largest 
data rate which permits a reduction in its rate, in 
accord with step (0- 

24. A method according to claim 22, further compris- 
ing: 

reducing in a pro rata manner the data rates of all the 
channels permitting a reduction in their rate, in 
accord with step (0- 

25. A method according to claim 22, further compris- 
ing: 

(g) writing selects for channel data and for a super- 
frame comprising said control and multiplexer 
overhead information into a memory means to 
create a frame when said aggregate line transmis- 
sion rate is at least equal to the sum of said first and 
second totals, wherein the number of selects for 
data from each of said channels relates to said re- 
quested data rates minus the rates dictated by step 
(f). 

26. A method according to claim 25, further compris- 
ing: 

(h) determining a greatest common denominator of 
said requested data transmission rates decreased by 
rates dictated by said step (0 for each of said data 
channels and said second total of the sum of the 
requested control transmission rates and overhead 
rates, wherein said greatest common denominator 
is a frame rate of said frame, and wherein said 
writing step (g) Includes: 

(1) providing channel select position counters for 
each of said data channels and for said second total; 

(2) providing channel ready counters for each of said 
data chaimels and for said second total; 

(3) initializing said channel select position counters to 
a value equal to said aggregate rate divided by said 
frame rate; 

(4) decrementing each position counter of a channel 
by the chaimel rate divided by said frame rate each 
time a select is capable of being placed in said 
frame; 

(5) incrementing each of said position counters by 
said value equal to said aggregate rate divided by 
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said frame rate when said position counter value is 
less than one; 

(6) initializing said channel ready counters to a value 
of one; 

(7) decrementing said channel ready counter of a 5 
channel when a select is chosen for that channel; 

(8) incrementing said channel ready counter of a 
channel by one when said channel position counter 
value for that channel is less than on^, 

(9) placing said data channels and said second total in 10 
rate order; and 

(10) choosing the order of selects for said data chan- 
nel and said second total as a function of the place 
of said data channel and said second total in rate 
order, and the value of said channel ready count- 15 
ers. 

27. A method according to claim 26, wherein said 
overhead comprises multiplexer synchronization and 
multiplexer communication information, further com- 
prising: 20 
(i) determining the greatest common denominator of 
said control rates and one eighth of each of said 
multiplexer synchronization and multiplexer com- 
munication information; 
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(j) dividing said aggregate rate by the greatest com- 
mon denominator determined at (h) to provide a 
frame size; 

(k) dividing said second total by said greatest com- 
mon denominator determined at (i) to provide a 
superframe size; 

(I) adding said frame and superframe sizes to provide 
a required memory size, and comparing said re- 
quired memory size to the size of memory avaUable 
in said memory means for said frame and super- 
frame; and 

(m) increasing said second total if said required mem- 
ory size exceeds said memory available, wherein 
said means for decreasing the data rate allocated to 
at least one data channel further decreases the data 
rate allocated to at least one channel if said second 
total is increased. 

28. A method according to claim 27, further compris- 
ing: 

allocating additional bandwidth to said overhead 
such that said overhead bandwidth substantially 
equals said increased second total minus said re- 
quested control rates. 
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